Background: Imbalance and disfuntion in regulatory T-cells (Tregs) and IL-17 producer lymphocytes (Th17) have been implicated in the pathogenesis of rheumatoid arthritis (RA). Gray scale synovial proliferation (GS), power Doppler signal (pD) and bone erosions seen on high resolution muskuloskeletal ultrasound (MSUS) are hallmarks of destructive articular disease. Objective: To evaluate the association of peripheral Tregs and Th17 with MSUS findings in RA. Methods: RA patients (1987 ACR criteria) treated with disease-modifying antirheumatic drugs (DMARDs) were included. Lymphocytes were isolated and immunophenotyped by flow cytometry to investigate regulatory FoxP3+ T cells and IL-17+ cells. MSUS (MyLab 60, Esaote, Genova, Italy, linear probe 6-18 MHz) was performed on hand joints, and a 10-joint US score was calculated for each patient. Results: Data on lymphocytes subsets were avaiable for 90 patients. The majority of patients were Caucasian women with a median disease duration of 6 years (interquartile range: 2-13 years). Mean DAS28 was 4.28 (SD ± 1.64) and mean HAQ score was 1.11 (SD ± 0.83). There was no significant correlation of 10-joint GS score (rS = 0.122, 95% CI: − 0.124 to 0.336, P = 0.254) and 10-joint pD score (rS = 0.056, 95% CI: − 0.180 to 0.273, P = 0.602) with the mean percentage of peripheral Treg cells. Also, 10-joint GS score (rS = 0.083, 95% CI: − 0.125 to 0.302, P = 0.438) and 10-joint pD score 10 (rS = − 0.060, 95% CI: − 0.271 to 0.150, P = 0.575); did not correlate to Th17 profile. No association of bone erosions on MSUS with Treg and Th17 profiles (P = 0.831 and P = 0.632, respectively) was observed. Conclusion: In this first study addressing MSUS features and lymphocytes subtypes in established RA, data did not support an association of circulating Tregs and Th17 lymphocytes with inflammatory and structural damage findings on MSUS.
Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by polyarthritis leading to synovial proliferation, pannus formation, bone erosions and joint deformities [1] . Besides the major role of cytokines in the development and progression of the disease, specially TNF-alpha and interleukins (IL) [2] , regulatory T cells (Tregs) and lymphocytes producers of IL-17 (Th17) imbalance and disfuntion have also been implicated in the pathogenesis of rheumatoid arthritis (RA) [3] .
In recent years, high-resolution musculoskeletal ultrasound (MSUS) has been widely used in clinical rheumatology practice, since it has demonstrated consistent and reproducible results among trained rheumatologists [4] . Synovial proliferation seen on gray scale ultrasound (GS) and synovial power Doppler (pD) signal are characteristics of joint inflammation. The usefulness of MSUS in the setting of RA patient assistance, especially for the detection of subclinical synovitis, RA relapse and structural progression has already been scientifically proved and is included in the current management of rheumatoid arthritis [5, 6] .
The linkage between RA inflammatory cells and mediators with articular ultrasonographic abnormalities has been an interesting area of investigation. The association of plasma IL-6, a major inflammatory cytokine, with joint sonographic findings, specially power Doppler, was demonstrated in early RA [7] and established disease [8] . Plasma IL-17 was associated with joint pD and gray scale synovitis in the hands of RA patients [9] . However, the relationship of MSUS findings with circulating suppressive or inflammatory T cell subtypes has not been addressed so far. In the current study, we evaluate the association of MSUS parameters with the T regulatory (Treg) and Th17 cell profiles.
Methods
RA outpatients (classified according to the 1987 American College of Rheumatology criteria) treated exclusively with non-biologic disease-modifying anti-rheumatic drugs (DMARDs) were consecutively included in this prospective cross-sectional study.
MSUS examination was performed using a high resolution machine (MyLab 60, Esaote, Genova, Italy) and a linear high-frequency probe (6-18 MHz) by one of two sonography-trained rheumatologists unware of clinical and laboratory data. Details of MSUS assessment and interobserver agreement is described elsewhere [7] . A single Rheumatologist (DMP) evaluated disease activity using the Disease Activity Score in 28 joints (DAS28) and applied the Health Assessment Questionnaire (HAQ) before MSUS.
A blood sample was taken just before clinical and sonographic evaluation and immediately used for lymphocytes identification. Peripheral lymphocytes were isolated and immunophenotyped by flow cytometry to investigate regulatory FoxP3+ T cells and IL-17+ cells using a commercially available Human Th-17/Treg Phenotyping Kit (BD Biosciences, San Jose, CA, USA), according to manufacturer's instructions.
All blood samples were collected at 8:00 AM and clinical and ultrasound evaluations were performed in the morning, between 8:30 and 11:00 AM.
Statistical analysis
Statistical analyses were performed using SPSS for Windows, version 20.0. Between-group comparisons involving non-normal quantitative variables were performed using the Mann-Whitney or Kruskal-wallis tests, and correlations were assessed using Spearman's rank (r S ). Confidence intervals for correlations were estimated using the Bootstrapping method with 1000 iteractions. Two-tailed P values less than or equal to 0.05 were considered statistically significant.
Results
We evaluated iniatially 101 RA patients, and data on lymphocytes subsets were avaiable for 90 patients (samples from 11 had to be excluded due to technical problems during cytometry) whose clinical and demographic features are described in Table 1 . Among them, Caucasian women predominated, with a median disease duration of 6 years (interquartile range: 2-13 years). Mean DAS28 was 4.28 (SD ± 1.64) and mean HAQ score was 1.11 (SD ± 0.83). More than 80% of patients were on methotrexate. Moderate disease activity according to DAS28 was observed in the majority of the sample (67.8%), 32.2% had high and 28.9% had low disease activity (LDA). Only 14.4% of patients were on DAS28 remission.
There was no significant correlation of 10-joint GS score (r S = 0.122, 95% CI: − 0.124 to 0.336, P = 0.254) and 10-joint pD score (r S = 0.056, 95% CI: − 0.180 to (Fig. 1) . Also, 10-joint GS score (r S = 0.083, 95% CI: − 0.125 to 0.302, P = 0.438) and 10-joint pD score 10 (r S = − 0.060, 95% CI: − 0.271 to 0.150, P = 0.575; Additional file 1: Figure S1 ) did not correlate to Th17 profile. There was also no association of MSUS abnormalities in right wrist (one of the most frequently affected joints in RA) with Treg or Th-17 lymphocytes percentage in peripheral blood (P = 0.459 and P = 0.418, respectively; Additional file 2: Figure S2 and Additional file 3: Figure S3 ). In addition, no association of bone erosions on MSUS with Treg and Th17 profiles (P = 0.831 and P = 0.632, respectively) was observed.
In secondary analyses, the mean percentage of peripheral Treg cells was associated with level of disease activity (p = 0.020); patients with LDA presented the highest percentage (Additional file 4: Figure S4 ). There was also a trend for negative association of DAS28 and Treg cells percentage (r S = − 0.18, 95% CI: − 0.380 to 0.034, P = 0.088). Th17 cells tended to be higher in LDA (Additional file 5: Figure S5 ), but there was no evidence of significant correlation of DAS28 (taken as a continuous variable) with Th17 lymphocytes percentage (r S = − 0.89, 95% CI: − 0.301 to 0.139, P = 0.402).
Discussion
To the best of our knowledge, this is the first study addressing the relation of MSUS features with blood lymphocytes subtypes in RA. Our sample was composed of established RA patients on non-biologic DMARDs. No significant association of MSUS abnormalities with the percentages of circulating Treg and Th-17 cels was observed.
It is well known that RA patients have a higher number of Th-17 lymphocytes and lower number of Treg cells in blood compared to healthy controls [10, 11] . In fact, the imbalance between Th-17 and Treg lymphocytes, where Th-17 lymphocytes seem to be resistant to Treg cells suppression, is a key factor to pathogenic response to autoantibodies [3, 10, 11] . A higher quantity of Treg cells was documented in the inflammed synovium, suggesting once again that Treg are less able to suppress pro inflammatory Th-17 in RA [12] . So, it is possible that joint level MSUS power Doppler may be related to lower activity of synovial (but according to our results, not circulating) Treg lymphocytes. Indeed, synovial Th-17 cells were associated with persistently positive pD signal in the knee of RA patients [13] . It seems that synovial Th17 and Treg lymphocytes subsets are more important than circulating ones in RA pathogenesis.
In a secondary analysis, we observed higher percentages of Treg cells in patients with clinical low disease activity (LDA). These results are similar to those reported by XX et al., which showed levels of Tregs similar to healthy controls in patients with low disease activity or remission [14] . This may possibly reflect a improved Treg/Th-17 balance in patients whose disease is better controlled.
Conclusion
Our data did not show correlation of inflammatory and structural damage MSUS findings with peripheral blood Treg and Th17 cell profiles in established RA under treatment with non-biologic DMARDs.
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